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ABSTRACT 

One formal operational schema, hypothetical-deductive 
reasoning, is seen as most important to effective decisionmaking in 
planning and carrying out classroom lessons. While it is clear that 
formal thought schema are widely used in teaching, it is also 
understood that these reasoning schema are themselves dependent upon 
the more fundamental cognitive processes. Prerequisite development 
includes, among other foundation processes, information processing 
skills which facilitate predecision actions through more efficient or 
increased sensitivity, receptivity, and use of internal and external 
stimuli. The problem investigated in this study was to determine the 
effects of intervention training in cue attendance on preservice 
teacher performance in observing details, asking questions, 
constructing alternative hypotheses, analysis of classroom teaching, 
and planning and teaching a classroom content unit. Included in the 
intervention instruction and in the dependent variables were detail 
attendance, information search questions, hypothesis generation, and 
designing strategies for hypothesis testing. Results of the study 
supported the hypothesis that teacher education courses focusing, at 
least partially, on prereciisite cognitive processes can increase 
teaching effectiveness. (JD) 
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Cognitive Mod i -f i cat i on as Intervention -for Increasing Basic 
Skills in Classroom Planning and Teaching 

Denn i s W. Sunal 
BACKGROUND 

The numerous recent reports o-f projected teacher shortages, 
ratings o-f teacher ability, and change in teacher education have 
common theme, the supply and demand -for quality teachers. 
Political and policy solutions recognize the teacher and teacher 
e-f -f ec t i veness as playing pivotal roles in moving toward a 
solution. The National Commission -for Excellence in Teacher 
Educi^tion (1985) stated as a major assumption that teaching is a 
complex human endeavor guided by knowledge that is both scienti-fi 
and ar t i s t i c . 

Teachers continually make, carry out, and evaluate complex 
decisions aboc t the curriculum, the students, and instruction. 
Jere Brophy in a review o-f research ( 1982) o-f a number o-f studies 
reported positive correlations between higher teacher ability and 
per-formance o-f speci-fic teaching strategies with higher student 
achievement. The action o-f generating and considering 
alternatives in constructing a decision is a complex task and one 
o-f extreme importance in teaching. Instructional decisions are 
crucial to all aspects o+ e-f-fective teaching and are made 
-frequently, one every two minutes (Clark and Peterson, 1986). 
These activities are closely related to one o-f the piagetian 
-formal thought schema, hypothe t i cal -deduc 1 1 ve reasoning. This 
l<^vel o-f per-formance requires highly developed teacher abilities. 
A second research paradigm, in-formation processing, characterizes 
decision making as the interaction between the decision maker and 



the task environment. During the process o-f making decisions 
teachers gather and encode in-formation (sea ch -for meaning), 
generate alternatives -for possible courses o-f action, and select 
and act ou t a course o-f action. Sternberg (1985) describes novice 
behavior, characterizing preservice and induction year teachers, 
as invol'^ing 1) unsystematic exploration, 2) inadequacy m 
experiencing and de-fining a problem, 3) restricted in-ferential 
thinking, and A) impaired strategies -for hypothesis testing. It 
IS no surprise that increasing teacher e-f -f ec t i v ene ss should deal 
with increasing the cognitive ability level o-f the teachers 
involved. 

Teacher education programs have generally assumed that 
prerequisites -for teaching are met through required coursc-s, 
classroom experiences, and inservice programs. Based upon 
research in the area o-f li-fe-long development o-f cognitive 
-functioning, the validity o-f this assumption among pro-f essi onal 
teachers should be questioned. Teachers di-f-fer in their ability 
to use -formal operational schema. Continuing research indicates 
that -formal operational thought is not common to all university 
students (McKinnon & Renner, 1971). Various studies have 
indicated that a majority o-f preservice and inservice K-8 teachers 
-function wholly on a concrete level (Juraschek, 1974; Oil ling, 
Wheatly, and Mitchell, 1976; and Chiapetta, 1976; Sunal and 
Sunal,1985>. Depending on the study sample up to 2/3r ds o-f 
preservice teachers and 1/2 o-f inservice teachers do not approach 
problems at the -formal operational level. Over the past 8 years, 
the work o-f a number o-f researchers in preservice and inservice 
education has implicated general developmental progress (e.g., 0 j a 
and Sprinthall 1978, Gl assberg ^nd Oja 19£1, Lyons 1984) and more 
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speci-fic intellectual development (e.g., Nelson and Ankney 1977, 
Peterson, Ma^rx and Ci ark 1978, Martin 1983, and Sunal and Sunal 
1980 and 1985) with teaching performance o-f classroom teachers. 
As a means to -facilitate teaching e-f -f ec t i veness , intervention 
training in -forrr^al operational schema would appear very long term 
in obtaining classroom trans-fer e-f-fects. Sugo€sted training in 
•formal thought schema has received with mixed results ( McKinnon tc 
Retiner 1971, Renner & Lawson 1975, Padilla 1981, Wyatt 1983, 
Mckenna 1983) . 

One -f or mal oper a 1 1 ona 1 schema , hypo the t i c al - deduc t i ve 
reasoning, is seen as most important to e-f-fective decision making 
in planning and carrying out classroom lessons. The schema 
provides a -foundation -for a number o-f classroom teaching behaviors 
such as 1> postulating decisions based on relevant variables 
derived -from pro-fessi onal education experiences, 2) processing 
i n-f ormat i on , making decisions and anticipating problems without 
experiencing the events -first, and 3) using i -f then reasoning in 
postulating solutions veri-fiable in -future classroom observations 
(Sunal and Sunal 1^85). While it is clear that -formal thought 
schema are widely used in teaching, it is also understood that 
these reasoning schema are themselve*^ dependent on o-f more 
-fundamental cognitive processes. Prerequisite development 
includes, among other -foundation processes, in-formation processing 
skills which -facilitate predecision actions through more e-f-ficient 
or increased sensitivity, receptivity and use o-f internal and 
external stiiuli. This investigation examined prerequisite 
cognitive skills within the developmental and in-formation 
processing -framework relating to cue acquisition, -formulation and 
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selection o-f relev^ant variabl^^s and the consideration o-f all 
reie*^5Lnt in-formAtion in making dc-cisions. 

Use o-f the idea o-f prerequisite process skills hypothesizes 
the existence o-f -formal schema but due to de-f i c i enc i es in 
prerequisite abilities to use them, lack o-f coordination between 
schema, or immature -form o-f the schema -for use in complex 
situations they appear only in certain situations or not at all. 
A de-ficiency in prerequisite processes would cause observable 
changes in beha'^ior. A state o-f de-ficiency is observable in the 
sense that these processes or related -formal thought scherria do not 
appear spontaneously, regularly and predictably in the 
pro-f essi onal class'^oom behavior o-f the individual teacher. Under 
certain conditions, especially under strong motivation or recall 
o-f modeled behaviors, adequate -functioning o-f -formal schema may 
appear. Consistent and regular use o-f -formal schema is not common 
in de-ficient individuals lacking in consistent supporting 
prerequisite processes due to the sustained extreme amount o-f 
e-f-f or t which is needed to overcome missing processes. The use o-f 
-foriTiai operational schema becomes too di-f-ficult. Lower level 
concrete operational schema become more com-f or table to use, appear 
somewhat e-f-fective in classroom situations, and become t^e basis 
-for the common type o-f behavior exhibited by a laroe segment o-f 
teachers in cl assr oom teaching < Sunal and Sun a 1 1 985) . To 
increase the regularity o-f the use o-f the -forrrial schema, 
intervention instruction in prerequisite cognitive processes 
becomes necessary. 

Individuals di-f-fer in their ability to use prerequisite 
cognitive processes, speci-fically relating to cue acquisition and 
interpretation, which are determinents o-f decision rriaking behavior 



(Sieber c^nd Lanzetta, 1964; Karl ins, 1967; Uright, 1979; Copeland, 
1987; and 3un3i-i988). Intervention instruction using cognitive 
modi -f i cat 1 on techniques in a number o-f other studies have been 
shewn to e-f^act changes in prerequisite cognitive processes and 
measures o-f intelligence in adolescents and adults (Ha/wood and 
Burke, 1977; Martin, 1983; Shayer and Beasle/, 1987). Savell, 
Twohig, and Rach-ford (1986) in an extensive review o-f research 
report that intervention involving a general program, the 
Feuerstein Instrumental Enrichment method, designed -for improving 
problem solving strategie- has been success-ful in increasing 
adol e seen t c ogn i 1 1 v e -f unc t i on i ng , 

Speci-fic intervention instruction involving the cue 
acquisition and interpretation has shown signi-ficant e-f-fects in 
near-t ran s-f er measures. Subjects were reported to have developed 
an increased ability to observe and recall cues, describe and 
explain events, ask questions -for relevant -facts, and give more 
and higher quality hypotheses in settings similar to training 
situations (eg. Sieber and Tanzetta, 1966; Salomon and Sieber, 
1970; Wright, 1978; Fouler and Wright, 1980; and Sunal , 1988>. 
Copeland ( 1987) concluded that results o-f his study on 
prerequisite cognitive processes suggest -further research in 
in-formation processing and may o-f-fer an explanation -for observed 
d i -f -f erences in teacher^s classroom monitoring abilities. The 
e-f-fects on prerequisite processes did not decrease over a two year 
time period ''Wright, 1981 >. Quality o-f h/potheses can be mec^sured 
and generation o-f alternative hypotheses can be taught (Salomon 
and Sieber, 1970; Quinn, 1971; Quinn and George^ 1975). 

Use o-f intervention instruction involving prerequisite 
cognitive skills with teachers has been success-ful in improving 
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ability to use probing questions i ri classroom discussic " Qivinq 
clear and concise directions, in solving formal operational level 
problems, involvement oi students in decision making, and in 
analysis of lesson plans <lOrme, 1977; Ulaksman et. al . , 1978; 
Wright, 1979; Martin, 1983; Demchik and Sunal , 1987; and Sunal , 
1988) . 

Prerequisite cognitive processes are needed for effective 
hypothetical - deductive reasoning and its integration with other 
formal scherria. For such specific teaching activities as lesson 
planning, classroom teaching, and performance analysis where 
hypothe t I cal -deduc t i ve reasoning is needed, deficiencies in 
prerequisite processes could involve performance in at least nine 
areas. They are 

1. Unrecognized need for or perception of clear and discrete 
sensory da t a al 1 ow i ng f or appr opr i a te d i s 1 1 nc t i on of 
instructional or classroom objects, events or interactions. 
(Clesr Data) 

2. Unrecognized need for perception or reporting of all data in 
relevant instructional variables. All of the data may not be 
perceived caus i ng unreal i st i c appr ox i i.ia t i ons and i nadaqua te 
descriptions to be made. (Sufficient Data; 

3. Lack of need and ability to obtain a wide range of precise 
data using different kinds of instructional data sources to 
describe relevant variables (Data Sources;, 

4. No organized approach in obtaining instructional data or to 
determine those types relevant to the goal or problem at 

ERLC 
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hand. Frequently, plsrnning responses are made incorporating 
only part o-f the data. <^ Evp i or a t or y organization) 

5. Lack of need and ability effectively store or to retrieve all 
classroom and student observations from memory. (Retrieval) 

6. Lack of sufficient questions to guide acquisition of 
instructional data source i nf ormat i on . < Quest i on s) 

7. Lack of need or ability to use different typc-s of 
investigative strategies appropriate in obtaining 
instructional data. ^Tvpes of Questions) 

8. Lack of ability to select relevant cues in defining an 
instructional problem. Hypothesis testing which is based on 
this process would be impaired due to the lack of 
discrimination of cues to be tested. ^Cue Discrimination) 

9. Inability or lack of need to use hypothe t i cal -deduc t i ve 
reasoning or methods of hypothesis testing. Trial and error 
planning and teaching behav'ors occur along with an inability 
to m-s ke appropriate use of the expt-rences- If instructional 
or classroom problem cues are perceived as being 

d i scon t I nuous or d i sc or dan t , ineffective a 1 1 errip t s are made to 
process the information further- Alternative hypotheses are 
not rtiade to put the cues in content with other data. No 
mental or trial testing is seen as necessary to check the 
validity of hypotheses, if they are given, or the 
relationship of cues to each other. (Hypothesizing) 

The purpose of this study was to determine if intervention 
Q instruction in specific prerequisite cognitive process items 1 to 
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5, basic to the hypothe 1 1 cal -deduc t i reasoning schema, e-f-fects 
novice teacher decissons related pr es9 i onal activities. The 
problem investigated was to determine the e-f-fects o-f intervention 
training in cue attendance on preservice teacher pe r -f ormance in 
observing details, asking questions, constructing Alternative 
hypotheses, analysis of classroom teaching, and planning and 
teaching a classroom content unit. Included in the intervention 
instruction and in the dependent variables were detail attendance, 
in-formation search questions, hypothesis generation and designing 
strategies -for hypothesis testing. 

The -following research questions were examined on the e-f-fects 
o-f type o-f intervention instruction. 

1. Does instruction e-f-fect a teacher^s perception and re. -ting 
o-f the number and t>pe o-f appropriate data ^ prerequ i s i te 
cognitive process i tenis 1, 2, 4, and 5; observed in analyzing 
a c 1 assroom t each i ng ep i s ode ( shor t t er m , -f ar - tr ans-f er , in O5 



o-f data related to appropriate description o-f variables in 
decision making events'^ The outcome will be shown in number, 
type and quality o-f questions asked and alternative 
hypotheses constructed (prerequisite process items 3, 6, 7, 
8, and 9) in analyzing physical problem e-^ents and a 
classroom teaching episode (short term, near and f ar - trans-f er 



)? 



2. 



Does instruction e-f-fect a teacher ^s perception and reporting 




04^ 05>? 



3. 



Does instruction e-f-fect the quality o-f per-formance in 



planning and teaching a classroom content unit in areas 
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related to intervention instruction in prerequisite cognitive 
process items 1 to 9 (delayed, -f ar-tr ans-f er i n O^)':- 

4. Does the ability oi the teacher, cognitive -functioning level, 
a-f-fect the results o-f the instruction in planning and 
teaching a classroom content unit in areas related to 
intervention instruction in prerequisite cognitive process 
it ems 1 to 9 (delayed, -far-trans-fer in 0^>'? 



PRO ^URE 

Resear L«i Pes i Qn 

An experimental pre-posttest research design was used to test 
the research questions. The sample was randomly chosen -from the 
population o-f subjects and assigned to two treatment groups. Each 
group was given the same experiences except -for the treatment 
variable. Pretesting, included determination o-f cognitive 
-functional level (Op ^^^^ planning and teaching ability (O2). See 
Table I -for a description o-f the research design. Background and 
context variables o-f subjects^ experience, treatment and classroom 
conditions were measured. Posttests .ncluded near-tr ans-f er and 
-f ar-- tr ans-f er e-f-fects during short term and delayed time periods in 
investigating physical problems (O3 and 0^ ) , analysing classroom 
teaching (O5) , and planning and teaching cntent lessons (0^). 

C I nser t Tabl e I Here ] 

Samp 1 e 

The popu 1 at i on coris i st^d o-f 64 sen i or year preserv 1 ce 
education majors at a large eastern land grant university. The 
hone backgrounds were diverse, -from rural to urban. The 
participants majored in early and middle childhood education in 
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grades K-8. Content majors -formed about one-half o-f the group, 24 
to 40 hours in a single academic field. Others specialized in 
early childhood or elementary education with a broader program. 
The teacher education program is field oriented, beginning with 
clcss ^^isits in the sophomore year and ending with teaching 
assignments in classrooms during the entire last year. For tv 
samp le subjects were randomly selected from the population to 
participate in the study in the semester before student teaching. 
During this time subjects were registered in a full load, common 
bl ock of cour ses; soc i al studies, ma themat i cs , readi ng , sc i ence 
and general methods; and spent 40X of their time performing tasks 
and teaching in school classrooms. 

Tr ea tmen t 

Two treatment groups were formed. The control group received 
lesson plan and curriculum evaluation training sessions. They 
evaluated a set of lesson plans, a text and comouter software 
materials. Analysis involved d? term i nat i on of the materials^ 
potential usefulness, matching materials to an appropriate group 
of target students, and suggesting modification of the lesson plan 
and other materials for most effective learning. The subjects 
worked 2 1/2 hours on th s task. Feedback on work i.''as provided 
during and at the end of the session. 

The exper I m^?n t a 'i gr^ -up received direct i n t er ven 1 1 on 
instruction in prerequisite coor.itive process i t^ms 1 to 5 in an 
individualized fo^^mat. Tnese involved information processing 
skills of clear data, sufficient data, data sources, evplorartory 
organization, and retrieval. Treatment effects were measured in 
these five in addition to the reman: inq cognitive processes. 

12 
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Research assistants were i nd i i dua 1 1 y trained according to 

pecific intervention i.istruction procedures established as 
reliable and valid in previous studies ^Salomon and Sieber, 1970; 
Wright, 1977). The cue attendance instruction provided exper.erice 
in exploratory data processing behaviors which have been related 
in research to the nine previously described prerequisite 
cognitive processes. The experimental group subjects during the 
intervention instruction were requested to describe a difficult 
criterion number level o+ relevant details potentially useful in 
resolving a complex problem shown to them. The filmed problem was 
one of Richard Suchman^s <1966a) Inquiry Development Program 
filmloops published by Science Research Associates as described 
and used in previous research performed by Wright <1?78>. The 
film consisted of discrepant events centered on a physical problem 
and was selected because of its abstrac tness . 

The instruction began with introductory remarks regarding the 
nature and purpose of the task. An example of the activity was 
performed by the session instructor using a second Suchman 
filmloop, "The Knife." Then subjects were c ^ked to observe and 
remember as many cues as possible during the showing of the second 
2 1/2 minute film, "The Balloon in the Jar." Cues were reported 
and recorded from subjects only at the end of each showing. This 
was done until the subjects exhausted the number of cues seen and 
remembered. Repeated showings added details of cues observed to 
the original list. The film was shown as many times as required 
for the subjects to obtain the necessary criterion number. 

The subjects were instructed not to attempt to explain why 
events were happening in the film or to give a response which 
could not be observed directly in the film. Duplicate and 

13 
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non-observable details reported were written down but not counted. 
Appropriate responses were reinforced. 

I ns tr umen t s 

Pr e-trea tmen t measures consisted o-f planning a classroom 
lesson and de t erm i na t i on of sub ects' level of cognitive 
functioning. See table 2 for a listing of the instruments used 
during the study. The instrument "Planning of a Classroom Lesson" 
(PLAN) evaluated subjects lesson plans and teaching in their 
assigned classroom. The lesson was to be a experiential science 
lesson designed to teach basic science process skills (Kauchek and 
Eggan, 1980). The lesson type was studied, experienced and 
modeled during the methods courses taught on campus. Following 
teaching, the subjects turned in the lesson plan, student 
evaluation results, and student work =.,»eets for evaluation usin^ a 
modified form of the Mi croteach i ng Skills Rating System (MSRS) 
(.Sunal , 1978 and 1985). The MSRS System had eight subparts with a 
total of 40 items. The subp<^rts were determined through a factor 
analysis. See table 3. A narrative evaluation and a numerical 
score ranging from 1 to 5 and averaged for a total score was 
obtained which reflected quality of planning and teaching. Three 
field coordinators evaluated and rated both the lesson plan 
materials and the teaching of the lesson in classrooms. All 
lessons were jointly evaluated and rated by two coordinators. 
Inter-rater correlations averaged 0.88 for the group of preservice 
teachers. 

[ Insert Tables II and III Here ] 
The Lawson (1978) "CI assroom Test of Formal Reasoning" (CTFR) 
pretest was given to groups of ten through live demonstration. 

ERIC 1 4 
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Subjects wrote responses to questions and a rationale -for each 
answer as described b/ Lawson. The cognitive -functioning level 
was determined -from the score obtained on CTFR -for each subject. 

Two o-f the -four post-treatmenl measures consisted o-f short 
term, near- trans-fer measure, titled "Question Search" (QS) and 
"Hypothesis Search" (HS>. The questions were designed to test 
prerequisite cognitive processes three, -four, and six to nine. 
This post test i ng, given two days a-fter ^'he treatment, involved 
viewing one additional Suchmtan Inquiry Development Program -film 
•for each measurement. The -filmloops were titled '"Pendulum" and 
"Sailboat." A-fter viewing the subjects were asked to state as 
many questions and hypotheses as they could about what they have 
seen on the -film. Following Robert Suchman's (1966b) questioning 
strategy the subjects were asked to state questions about the 
-first -filmloop which ask only -for known -facts, not in-ferences or 
conclusions. Using procedures developed by Quinn (1971) and 
Salomon (1968>, subjects were also requested to give as rriany 
alternative hypotheses (explanations) as possible to explain what 
was seei'i in the -film. A response example was given -for each o-f 
the instruments, OS and HS. The subject was shown the -filmloop a 
many times as needed to develop answers -for the questions. All 
subject responses were individually recorded and encouraging 
-feedback given. Only appropriate responses were counted. The 
treatment 'nstructor administered these last two instruments to 
subj ec ts ; nd i V I du3 1 1 / . 

The "Analysis o-f Teaching" (AT) post test involved viewing a 
•film o-f a classroom lesson one week a-fter the treatment session. 
The teacher involved in the lesson derrions tr at ed appropriate and 
inappropriate teaching behaviors common to those seen with novice 
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teachers. Inappropriate behaviors involved the areas o-f lesson 
sequence, discipline, and classroorri man agemen t (l^iertens, 1977). 
Study subjects were asked to view the -film and at the end write as 
many relevant details they could that were potentially use-ful in 
understanding the events occuring in the -film. The ten minute 
•film was repeated upon request. All responses were recorded. Two 
additional questions i*iere asked similar to the search queries o-f 
the QS and HS instruments. Completion o-f this AT post test 
involved short term, -f ar- 1 ran s-f er e-f-fects in all nine prerequisite 
cogn itive process areas. 

Each o-f the -final two posttests were administered to 
determine treatment -f ar-tr ans-f er e-f-fects in delayed test 
situations. The "Teaching a Classroom Lesson" (TEACH) posttest 
was given three weeks a-fter the -first treatment session. The 
TEACH instrument was designed to test all nine prerequisite 
cogn i t I ve sk i 1 1 s through de t erm i na t i on o-f tr ea tmen t inter active 
e + -fects on the pr o-f ess i ona 1 area o-f classroom teaching. This 
posttest, using the MSRS obser';at i onal rating system evaluated the 
planning and teaching o-f a three lesson science content unit in 
the subjects'' assigned school classrooms. The lessons concerned 
consecutive lesions to be given on three separate days and was to 
be modeled a-fter one o-f the three instructional aoproaches 
suggested by Kauchek and Egg an ( 1 980 >. The instructional 
approaches were studied, experienced, and modeled in the science 
methods course. The lesson plan -forms required statements on the 
goal , obj ectives, procedures, and student evaluation -for each 
lesson. Subjects were observed and rated in classroom teaching o+' 
the lessons by the previous -field coordinators. All lesson plans, 
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audiotapes o-f lessons, and pupM papers and student records were 
turned in -for an overall evaluation and rating. 

Anal ys I s 

The data -from the instruments were coded -following sequences 
described in previous research studies. Lawson (1978) and Sunal 
(1978, 1980a, and 1982; described reliable and valid procedures 
•for interpreting student responses. Wright (1975) described 
procedures -for counting details, questions, and hypotheses. 
Content d i -f -f er enc es in statements were added to the counting 
procedure. Quinn's Hypothesis Quality Scale was used to determine 
the quality o-f the hypotheses constructed (Quinn and George, 
1975). These procedures provided data for examining the treatment 
e-f-fects on prerequisite cognitive processe items one, two, -five, 
six, e j gh t , and nine. 

Categories o-f questions given by the subjects were also 
analyzed, as described by Suchman <1966b>, to determine the 
diversity in the types o-f inquiry patterns and kinds o-f data 
sources used. This was done in order to determine changes which 
might have taken place in planned and systematic information 
processing involving the prerequisite cognitive processes, items 
three, -four, six, and seven. Sijchman de-fined inquir>' patterns as 
seeking Uer i -f i ca t i on , veri-fy some aspect o-f an event; 
Hypothesizing, ascertain the consequence o-f a change; Correlation, 
aspect o-f event or object necessary -for the gi'^en result to be 
obtained; and Synthesis, whether the idea about causation was 
valid. These -four types o-f inquiry patterns can each use any o-f 
•four kinds of data as information sources. The kinds of data 
involve, Events, Objects, Conditions, and Properties. 
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Multiple and univariate analvses o-f variance were used to 
assess the equivalency ot groups. The level o-f significance 
accepted in all analyses was 0.05. 

RESULTS 

Pretreatment measures included assessment o-f background 

variables, pretesting o-f classroom lesson plan writing, and level 

o-f cognitive -functioning. Although the control group had slightly 

higher ratings in most areas, no signi-ficant statistical 

di -f -f er ences were -found, see table l^J , Study participants had a 

mean GPA -for all previous courses o-f 2.9, on a 4 point scale, gave 

moderately positive ratings to academic -foundation courses taken, 

taught in assigned classrooms where their cooperating teacher 

spent about 30 minutes on average per day teaching science to 

average ability students. Be-fore treatment experiences both 

groups had signi-ficant di-f-ficulty in planning lessons, with major 

and minor elements missing or inappropriate. Both groups 

per-formed on average at the transitional level between concrete 

and -formal reasoning on the Classroom Test oi Formal Reasoning. A 

rating o-f 5 has been determined as concrete, 6-11 as transitional 

and 12-15 as -formal (Lawson, 1978). 

[ Insert Tabl e W Here ] 

Research Question 1: Number and amount o-f appropriate data (short 

term, -far-transter Oc- 
s ^ . 

Analysis o-f subject responses on -filmed problem events o-f 

classroom teaching, the Analysis o-f Teaching <AT) instrument, 

-f ol 1 ow I ng the t r ea tmen t experience -found signi-ficant di-f-ferences 

between groups in cognitive process items 1,2,4, and 5. 

Q Intervention instruction subjects recalled and reported a greater 
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number o-f details <F=5.71 P=.02) and a greater number o-f details 
about teacher and student beha^Mors than control subjects, see 
table . Rep or t s abou t c 1 assr oom or 1 e sson obj ec ts and events 
were the same -for both groups. The reports o-f the intervention 
instructed subjects demonstrated increased levels o-f cognitive 
processes including 1) clear data, 2) su-f-ficient data, 4) 
exploratory organization and 5) retriva^. 

C Insert Table ^ Here ] 
Research Question 2 ; Number, Type and Qua l ; ty o-f Quest i ons and 
Hypothesis (short term, near, and -f ar-tr ans-f er ) 0 

Quest i ons asked ; 

The number and types o-f questions guiding acquisition o-f data 
source in-formation was di-f-ferent -for the two groups, see table UI . 
Analysis o-f variance run on all questions -found that the 
intervention instructed group asked more questions about problem 
events on -film, on the QS measure <F= 4.68 F=.04) and on the 
teaching episode AT measure < F= 4.15 P=.05> then the control 
treatment group. Multiple analysis o-f variance run on all 
question types was also -found to be signi-ficant -for both the QS 
and AT measures. The part scores -for Hypothesizing questions, on 
the QS and AT measures, and Synthesis questions, on the QS 
measure, were -found to be higher -for the intervention group using 
additional univariate analysis. Multiple analysis o-f variance 
•found that a s i gn i -f i can 1 1 y greater diversity o-f data sources were 
accessed by the intervention group than the control group on both 
the measures. More questions were used involving the Conditions 
catagory by intervention subjects then by control subjects. 
Intervention instruction involving data acquisition was related to 
Q Increased number and more diverse types o-f questions guiding 
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acquisition o-f a wider data source base in near and -f ar- trans+er 
s i t uat i ons • 

[ Inser t Tabl e Here ] 
Hypothes i s Construe 1 1 on 

Intervention instruction a-f-fected the teachers'' perception 
and reporting o-f data related to appropriate description o-f 
variables -for use in hypothesis generation? see table VII. 
Intervention instructed subjects reported similar number o-f 
hypotheses as the control subjects but the quality o-f their 
hypotheses was s i gn i -f i can 1 1 y higher. Results were similar on both 
the Hypothesis Search <HS) and AT measures. 

The description and organization o-f data by the intervention 
instructed subjects demonstrated s i gn i -f i can 1 1 y higher levels o-f 
prerequisite cognitive process skills over control instructed 
subjects in 3) data sources, 6) questions, 7; types o-f questions, 
8) cue discrimination and 9) hypothesizing. 

C Insert Table VII Here 3 
Research Question 3; Quality o-f Per-formance in Planning and 
Teach i no '.delayed -far trans-fer, 0^) 

During the third and -fourth weeks -following treat me nt both 
groups planned and taught a series o-f sequential lessons on a 
sequenced set o-f concepts. The subjects'' lesson plans student 
products, and classroom teaching were evaluated c^s part o-f the 
"Teaching a Classroom Lesson" (TEACH) post treatment measurement. 
Analysis o-f variance was used to determine overall di-f^erences 
between group per-formance as measured with the MSRS observational 
rating system and its subparts. 

Signi-ficant gains were made -from the pre to post testing 
^ periods, as measured with the MSRS, by both treatment groups. The 
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gains in lesson plan writing and teaching ratings over an 8 week 



3.50. SE=0.10) and 0.40 -for the control treatment group (post 
rating 3.15, SE=0 . 1 1 ) . On the post test signi-ficant d i -f -f erences 
were -found between the groups <F=6.18, P=.02, R2=28V:; , with 
i n ten 'v^en t i on instructed subjects'' ratings 0.38 point higher than 
control subjects (see table 8). I terns concerning lesson plan 
writing (Planning) only were s i gn i -f i c an 1 1 x higher -for the 
i n ter ^v^en t i on group < F==6.06. p=.03). Di -f -ferences in classroom 
teaching (Teaching) items were not s i gn i -f i c an t . Analysis o-f MSRS 
subparts -found the intervention group s i gn i -f i c an 1 1 y higher in 3 o-f 
8 areas. The areas were 1) teaching -for student understanding, 3) 
questioning strategies and 7} planned lesson implementation. 
These three subparts accounted -for 60% o-f the di-f-ference in 
overall rating between the two groups. 



Research Question 4: E-f-fects o-f CoQniti^;e Functioning Level and 
Treatmen t on Per-f ormance in PI ann i nQ and Teach i nQ 0^ 

Di -f-f erences in level o-f cognitive -functioning were noted 
earlier and investigated to determine the d i -f -f er en t i al e-f-fects 
this variable may have in the intervention treatment process and 
resultant per-f ormance . Di -f-f er ences in per-formance were noted 
during intervention instruction. The a';erage time spent in 
recalling and describing ietails between requested showings o-f the 
instruction -films was 10.2 and 10.3 minutes -for concrete and 
transitional level subjects and 8.2 minutes -for -formal subjects. 
Higher -formal level subjects perceived and recalled data 20'/ more 
quickly. Most o-f the di-f-ference -for the -formal students resulted 




group (post rating 



C Insert Tabl e I I Here ] 
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in much 1 a.ger blocks o-f details reported a-fter the -first and 
second -film showings. 

Comparison o-f cognitive development level with results -from 
the TEACH post-test -found signi-ficant d i -f -f er ences between the 
groups using multiple Binalxsis o-f variance < F=9 . 81 , p= . 0 1 ) . Formal 
subjects were -found to have better lessons which were implemented 
more e-f -f ec t i ve 1 / overall than non--formal subjects. S 1 gn i -f i can 1 1 y 
higher le^^els were -found with total MSRS rating and in -five 
subparts (see table 9). Formal subjects per-formed s i gn i -f i c an 1 1 y 
higher on the MSRS subpart ratings in teaching tor student 
understanding, questioning strategies, matched lesson components, 
lesson sequence, and planned lesson implementation. Most o-f the 
di -f -f erence , 93X, between all o-f the subparts (ziere -found in these 
-five areas. The di-f-ference in per-formance in each o-f the three 
developmental levels is shown on table X. The intervention 
treatment was equally e-ftective -for the -formal and '■'^ans i t i ona 1 
levels in bringing them to similar levels o-f per-formance, 
si gn i -f i can 1 1 y higher than the control treatment. The greatest 
gain was experienced by the tr -rtns i t i onal subjects. Concrete 
subjects did not show any di-f-ference in tuSRS ratings due to the 
intervention treatment. Formal level control subjects per-formed 
s i gn i -f I can 1 1 y better than other control subjects. 

[ Insert Table IX and X Here 3 
The level o-f cognitive demand at which succe^-.-ful per-formance 
o-f teaching activities bee omes appreciably less was investigated. 
These teaching activities were represented by subparts o-f the MSRS 
observation rating system. Signi-ficant di -f -f erences between 
cognitive -functioning levels were noted above in 5 teaching areas. 



ERIC 



22 



22 

Only these 5 areas were considered. Three other teaching areas 
ratings were not significantly related to cognitive level. 

The level of cogniti'^e demand at which successful performance 
becomes appreciably less (minimum demand level required) was 
determined for each teaching activity as one standard deviation 
above the level at which 50/i of the subjects performed the 
activity. The percent of non-formal (2A, 2B> and formal subjects 
<3A, 3B> meeting this demand level was determined and plotted, 
f i gure 1 . Two areas, ma tched 1 esson components and 1 esson 
sequence show the sharpest slope, with fewer than lOX of non - 
formal and 60/i or more of formal teachers meeting the criterion. 
The differences were even more severe, greater then , when only 
concrete operational teachers were included in the non-formal 
group. None of the concrete students performed successfully at 
the criterion level. Three areas with less extreme slopes, where 
significant cognitive differences existed, were 1) teaching for 
student understanding, 3^ questioning strategics, and 7) planned 
lesson implementation. The differences in percent of success 
between the non-formal and formal groups in these areas were less, 
between 20 and 35 percent. 

[ Insert Figure 1 Here] 

DISCUSSION AND CONCLUSION 
Intervention instruction in cue attendance, the experimental 
treatment, was effective in changing preservice teachers'' 
performance in near and far-transfer problem situations. In 
near-transfer situations relating to problems showing physical 
events on film, intervention instructed teachers generated more 
questions and alternative hypotheses in trying to explain the 
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events seen. In a -f ar-trans-f er problem situation related to a 
•filmed teaching episode, l^teryention instructed teachers 
perceived and recalled more details and generated more questions 
ana alternative hypotheses in attempting to explain events seen. 
Both situations demons tr a ted the positive e-f-fects oi the 
intervention instruction in all oi the 9 prerequisite cognitive 
process areas basic to the consistent use o-f the h/pothetical - 
deductive reasoning schema. 

In delayed, -f ar -trans-f er situations intervention instructed 
teachers demonstrated higher quality overall per-formance In 
planning lessons and teaching them in classrooms. Speci-fic areas 
oi significant d i -f f er ences occurred in teaching for student 
understanding, questioning strategies and plCsnned lesson 
implementation. Each of these areas involved use of 
hypothe t 1 c al -deduc t I ve reasoning in writing lesson plans and in 
interactive decisions made during teaching to obtain quality 
ratings. These results indicated a moderate e-f-fect of increasing 
prerequisite cognitive process levels on classroom planning and 
teaching behaviors and a continued far-transfer effect in delayed 
post testing. 

The near-transfer results were in agreement with previously 
reported research involving similar instruction in prerequisite 
processes (Sieber and Tanzetta, 1966; Sal oman and Sieber, 1970; 
Pouler and Wright, 1980; Demchik and Sunal , 1987; and Sunal , 
1988>. The far-transfer results were supported through use of 
different instruction materials but involving similar prerequisite 
processes with teachers <Waksman et,al, 1979; Wright, 1979; and 
Martin, 1983). Orme <1977) found teachers use of probing types of 
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questions in classrooms improved with instruction and this was 
supported in the present study. 

The e-f-fect o-f cognitive -functioning level on the results o-f 
intervention instruction in planning and teaching may help explain 
i-he magnitude oi the intervention impact. Ratings o-f higher 
quality in areas o-f teaching per-formance were related to teachers 
-functioning at the -formal cognitive thought level. Non-formal 
teachers per-formed s i gn i -f i c an 1 1 y lower. These results were 
similar to those obtained by Sunal and Sunal (1985). In this 
study intervention inrtructed transitional and -formal operational 
level teachers'' classroom teaching per-formance were similar =».nd 
si gn i -f i can 1 1 y higher than both control tr atment concrete and 
transitional teachers and the intervention treatment concrete 
teachers. The results implicate the obtained teaching performance 
level with development o-f hypothetical - deductive reasoning 
schema involved in the -formal operational stage and ability to 
utilize prerequisite cognitive processes. The results were more 
complex when speci-fic teaching areas were examined. Two teaching 
areas were poorly per-formed by non--formal teachers and yet 
success-f u 1 1 y by more than one hal-f ot the -formal teachers. These 
same two areas were not significantly affected by the intervention 
treatment (see figure 1). Being formal operational a^one was 
sufficient to obtain the significantly higher performance level. 
The problem involved in these teaching areas was either too 
difficult even to produce a start in making appropriate decisions 
or the level of performance difference involved too great a 
cognitive leap for the n on -formal group to obtain significant 
progress. Also, the problems posed in these areas may not be 
related to the cognitive processes investigated. In either case, 
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■for the majority of teacher s who wou 1 d lack facility in using 
h/pothe t i cal --^deduc t i ve reasoning schema, intervention instruction 
in underlying prerequisite cognitive processes produced little 
e-f-fect in the use o-f the schema in making decisions in problems 
with this level of complexity or abstr ac tness . 

Three teaching areas were successfully performed by a 
minority of the non-formal teachers and by a majority of formal 
teachers. These three areas were significantly affected by the 
level of cognitive functioning and by the intervention treatment 
(see figure 1). The level of cognitive demand requested was less 
severe than the two previous teaching areas, since a portion of 
the non-formal groups performed successfully at this level. The 
intervention treatment increased the level of prerequisite 
cognitive processes and, thus, facility in using hypothetical 
deductive reasoning in making decisions in these teaching areas. 

The three remaining teaching areas of planned lesson for 
active learning, lesson clarity, and evaluation also had elevated 
formal teacher ratings over non-formal teachers. The diffeences 
were not significant and generally small. The areas were 
unaffected by cognitive functioning level or by the intervention 
treatment. It was possible that the problems posed by these 
teaching activities were unrelated to the prerequisite cognitive 
pr oces ses around wh i ch the i n t er ve n t i on t r ea tmen t was deue 1 oped • 
An alternative explanation was that the control treatment may have 
been equally well designed in producing effective performance in 
the area. The fact that cognitve functioning level was not 
related indicated additional explanations. One may be that the set 
of MSRS observational rating items which did not appropriatly 
measure performance in the area. Another may be teaching skill 

26 



26 



areas which did not require a higher leuel o-f cognitive 
-functioning. Practice and basically concrete operations may be as 
e-f-fective as -formal reasoning in making decisions and solving 
prc'^lems in these areas. 

Both type o-f teaching activity requested, -formal 
abstractiveness, and cognitive -functioning level o-f the novice 
teacher need to be taken into account in determining teaching 
e-f -f ec t i veness as de-fined in this study. In the teacher education 
courses examined in this study, intervention instruction produced 
the greatest change in teachers rated as transitional subjects and 
with types o-f teaching activity where the cognitive demand 
di-f-ference was r t too great. However, -formal teachers also did 
bene-fil -from the instruction. The instruction was not aimed at 
teaching hypothetical -deductive reasoning. Its purpose was to 
-facilitate the consistant and e-f+icient use o-f this mental schema 
by increasing the level of supporting prerequisite cognitive 
processes. This study supported the hypothesis that teacher 
education courses -focusing at least partially on prerequisite 
cognitive processes can increase teaching e-f -fe c t i veness . 
Additional instructio in education methods and content, the 
control treatment, was less ef-ficient than intervention 
instruction in increasing novice teachers' per-formance in making 
decisions in using the education methods and content. 



BIBLIOGRAPHY 



Brophy, Jere 0^82). Success-ful teaching strategies -for the 

inner-citx child. Ph i Del ta Kappa , April, pp. 527-30. 
Chiapetta, E.L. (1976). A review oi p i age t i an sttdies relevant to 

science instruction at the secondary and college level. Sc i ence 

Educat i on , 60 , 253-261 . 
Clark, C. M. and Peterson P. L. M986). Teachers thought 

processes . In M . Wh i tr ock ( Ed . ) Handbook o-f r esear ch on 

t eac h i no . New York: Macmillan Publishers. 
Copeland, U). D. (1987). Classroom management and teachers^ 

cogn i t i ve ab i 1 i t i es : a re 1 at i onsh i p . Amer i can Educ at i onal 

Research Journal , 22 (4), 219-236. 
Dilling, R., Wheatley, 6., and Mitchell, R. (1976; . An EE6 

investigation in the hemispheric specialization o-f -formal and 

concrete persons. Paper presented at the 60th Annual Meeting 

o-f the American Educational Research Association, San 

Fr anc i SCO , CA . 

Demchik, U. C, and Sunal D. W. (1987; . The e-f-fect o-f varied 

strategies training on classroom lesson planning skills. Paper 
presented at the 60th Annual Meeting o-f the National 
Association -for Research in Science Teaching, Washington D.C. 

Feuerstein, R. RandY. ( 1980). Ho-f-fman, M. and Miller, R. 

Instrumental Enrichment , Baltimore: University Park Press, 
325-382. 

Glassberg, Sally and Oja, Sharon. (1981). A developmental model 

■for enhancing teachers^ personal and pro-f ess i onal growth. 

Journal o-f Research and Development in Education , 14(2). 
Haywood, H.C. and Burke, W.P. ( 1977). Development o-f individual 

d i -f -f erences in intrinsic motivation. In J.C. Uzgrisis and F. 

Weizmann (eds.). The Structuring o-f Experience. New York; 

PI enum, 235-263. 
Juraschek, Ui. ( 1974). P i age t i an cogn i t i ve de ve 1 opmen t among 

perspective teacher s- technical rep or t no. 4 . Austin Tx : Texas 

University Education Center. (ERIC EDtt 106 122). 
Karl ins, M. (1967). Conceptual complexity and remote associative 

pro-ficiency as creative variables in a complex problem solving 

task . Journal o-f Personal i ty and Soc i al Psychol oQy , 6(3), 

264-278. 

Kauchek D. and Eggan P. (1980). Exp 1 or i no sc i ence in e 1 emen tary 
school s . Boston MA: Hounhton Mi-f-fl in Co. 

Lawson, A. 0978). The develoment and validation o-f a classroomn 
test o-f -formal reasoning. Journal o-f Research in Science 
Teaching , 15( 1 ) , 1 1-24. 

Lyons, Carol A. (1984). Consistency between learning style and 

patterns and teaching style behaviors o-f prospective elementary 
teachers. Paper presented at the 68th Annual Meeting o-f the 
Amer ican Educat'onal Research Assoc lati on. New Orleans, LA. 

Mar tin, Ddivid S. <.l 983) . Can te acher s become better thinkers"' 

Paper presented at the Annual Con -fer ence o-f the National Sta-f-f 
Development Council, Tulsa, OK. 

McKe nna, L. N. (.1 983 ). Relationships between c ogn ition o-f teachers 
and quality o-f teaching style in elementary science. Paper 
presented at the 53rd Congress o-f the Austral i an and New 
Zealand Association -for the Advancement, Perth, Australia. (EDtt 
236 055) . 



2S 



» 

McKinnon, J. and Renner , T. <1971). Are colleges concerned with 
intellectual deueloment. Amer i can Journal of Phys i cs t 39, 
1047-1052. 

Mertens, D. and Bramble, U). (1977). Identi-Fyino -formal le^^el 

•functioninQ in classroom teachers . Paper presented at the 61st. 

f-.nnual Meeting o-f the American Educational Research 

Assoc i at i on , Toron to , Canada . 
Murray, F.B. (1983). The cognitive bene-f i ts o-f teaching on the 

teacher. Paper presented at the Annual Meeting of the American 

Educational Research Association, Montreal, Canada. 
National Council -for Excellence in Teacher Education, (1985). A 

Call -for Change in Teacher Education. The Chr on i c 1 e o-f H i Qher 

Educa t i on , March 6 , p . 1 3-20 . 
Nelson, Miles A. andAnkney, Paul H. (1977). An investigation o-f 

the relationship between -formal thinking and teaching ability. 

Paper presented at the Annual Con-f erence , Western Australian 

Sc i ence Educa t ion Assoc lati on, Churchlands College o-f Advanced 

Educa t i on , Austr al i a . 
0 j a , Sharon and Sprinthall, Norman A. (1978). Psychological and 

moral development -for teachers: can you teach old dogs? Ma 1 ue 

Deve 1 opmen t . M7-134. 
Grme , M.E.J. (1977). Teaching strategies and consultation skills: 

probing techniques. In Miezitis S. and Orme M.E.J. (Eds.), 

Innovations in School Psychology . Toronto: Ontario Institute 

-for Studies in Education. 
Padilla, M. J. (1981). The relationship among -formal operational 

abilities, selected achievement variables, and student teaching 

success. Paper presented at the Annual Meeting o-f the 

Association -for the Education o-f Teachers o-f Science, New York, 

N. Y. 

Piaget, Jean (1973). Sc i ence o-f Educa 1 1 on and Psychol ooy o-f the 

Ch I 1 d . New York: Orion Press, 123-133. 
Peterson, Penelope, Marx, Ronald U) . and Clark, Christopher M. 

(1978). Teacher planning, teacher behavior, and student 

achievement. American Educational Research Journal t Summer 

1978, KJo] . 15, 3, 417-432. 
Pouler, C.A. and Wright E. ( 1980;. An analysis o-f the in-fluence o-f 

r e i n-f or cemen t and knowledge o-f criteria on the ability o-f 

students to generate hypotheses. Jour nal o-f Research i n 

Science Teaching , 17, 31-37. 
Qu i nn , Mary E. (1971). Hypothesis -formation can be taught, 1 he 

Sc i ence Teacher . Sep t ember , 30-31 . 
Quinn, Mary Ellen and George, Kenneth D. U975). Teaching 

hypothesis -formation. Sc i ence Educat i on , 59, 289-296. 
Renner, J. and Lawson, A. (1975). Intellectual development in 

preservice elementary school teachers: an evaluation. Journal 

o-f College Science Teaching , 5, 89-92. 
Sa 1 omon , G . (1 968) . I n ter ac t i on o-f commun i cat i on - med i um and two 

procedures -for training -for subjective response uncertainty o-f 

teachers. Unpublished doctoral dissertation, Stan-ford 

Un I ver s I t y . 

Salomon, G. and Sieber, J. (1970;. Relevant subjective uncertainty 
as a -function o-f s 1 1 mu 1 u s- 1 ask interaction, Amer t can 
Educational Research Journal . 7, 337-349. 

Savell, J.M.,Twohig, P.T.,and Rach-ford, D.L. ( 1986). Empirical 

status o-f Feuerste i n''s instrumental enrichment (FIE) technique 
as a method o-f teaching thinking skills. Rev i ew o-f Educat i onal 
Research . 56(4), 401-40 3. 

Shayer, M. and Beasley, F. (1987). Does instrumental enrichment 
Q worK? British Educational Research Journal , Summer, 1-23. 

ERIC 



Sieber, Joan E. and Lanzetta, John H. <1964). Con-flict and 
conceptual structure as determinents o-f decision ~ making 
behavior. Journal o-f Personal i ty . 32, 622-641. 

Sieber, Joan E. and Lanzetta, John H. (1966). Some determinents of 
indi'Jidual d i -f -f erences in predecision i n-f ormat i on--process i ng 
behavior. Journal o-f Personal i ty and Soc \ a1 Psychol oqy , 4(5), 
561-71 . 

Sternberg, Robert J. (1985). Human Abi 1 i t i es An I n -for mat i on 

Processing Approach , New York: W.H. Freeman and Co. 
Suchman , J. Richard. < 1966a). Inquiry Devel opmen t Program - 

Teacher ^ s 6u i de . Ch i cago : Sc i ence Research Assoc i ates . 
Suchman , J. Richard. <1966b>. Inquiry Development Program - 

Developing Inquiry ^ Chicago: Science Research Associates. 
Sunal , Dennis U). <1980a). The Relationship o-f A-f-fective Measures 

to Preservice Teaching Behavior. Science Education , 64<3). 
Suna 1 , Denn I s U) . < 1 980 b) . Re 1 a t i onsh i p o-f cogn i t i ve -f unc t i on i ng in 

teachers and their classroom teaching behavior. Paper 

presented at the 53rd Annual Meeting o-f the National 

Assoc iation -for Research in Science Teaching, Boston. 
Sunal, Dennis W. <1982). A-f-fective predictors o-f preservice 

science teaching behaviors. Journal o-f Research in Science 

Teach i ng , 19<2;. 
Sunal, D.W. (1988). E-f-fects o-f Intervention instruction using 

cognitive mod i -f i c a 1 1 on techniques on teacher perception and 

behavior. Paper presented at the 72nd Annual Meeting o-f the 

American Educational Research Association. 
Sunal , Denn i s U) . and Sunal , Cyn th i a S . < 1 985) . Teacher cogn i t i ve 

-functioning as a -factor in observed variety and type o-f 

classroom teaching behavior. Journal o-f Research in Science 

Teach i ng , 22, 631-648. 
Waksman , M., Silverman, H., and Hamme 1 -Sm i th , A. <1978). The 

Questioning approaches o-f instrumental enrichment and 

non- i ns t r umen t a 1 enrichment teachers. Toronto: Ontario 

Institute -for Studies in Education. 
Wright, Emmett (1974). The e-f-fect o-f incensive instruction in cue 

attendance and hypothesis generation upon open exploration 

behavior o-f low and high ability. Unpublished doctoral 

dissertation, Pennsylvania State University. 
Wright, E. <1978). The in-fluence o-f intensive instruction upon 

open exploration beha^>ior o-f ninth grade students. Journal o-f 

Research in Science Teaching , 15, 535-541 . 
Wright, Emmett <1979). E-f-fect o-f intensive instruction in cue 

attendance on solving formal operational tdisks. Sc i ence 

Educat i on 63, 381-393. 
Wright Emmett <1981). The long term e-f-fect o-f intensive 

instruction on the open exploration behavior o-f ninth grade 

students. Journal o-f Research in Science Teaching 18<6), 

557-561 . 

Wyatt, M. (1983). Formal operational thinking and the role o-f 
training. Paper presented at the Annual Meeting o-f the 
Southeastern Psychological Association, Atlanta GA. 



ERIC 



30 



TABLE I 

INTERVENTION INSTRUCTION RESEARCH DESIGN 



Groups Activity 

Pretests Treatment Posttests 

Near-transfer, Far-transfer, 

short term short term / delayed 

Experimental 0j'02 ^1-1 ^3' ^4 ^5' ^6 

N=20 

Control 0i,02 X 03,^4 O5, 0^ 

N=20 

Total N=40 

Xj Intervention instruction (X j.j ) or analysis and modification of classroom 
lesson materials (X j_2 ) 

Oj Classroom Test of Formal Reasoning (CTFR) 

02 Planning of a Classroom Lesson (PLAN) 

03 Questionning Inquiry Patterns on a Filmed Problem (QS) 

04 Hypothesis Generation on a Filmed Problem (HS) 

05 Analysis of Teaching Performance on Film (AT) 

0^ Lesson Planning and Teaching Performance in Classrooms (TEACH) 



ERIC 



31 



TABLE n 

PREREQUISITE COGNnTv^ PROCESS MEASURES 



Variable Measurement Instruments 
Tune 

Variables Pretest Treatment Immediate Delayed 

Posttest Posttest 

A. Prerequisite 
Cognitive 
Process Skill 
Variables 



1. QearData 


Xl 


05(AT) 


2. Sufficient Data 


Xl 


05(AT) 


3. Data Sources 


Xl 


0 3(QS), 0 5(AT) 


4. Exploratory 
Organization 


Xl 


0 3(QS),0 5(AT) 


5. Retrieval 


Xl 


05(AT) 


6. Questions 




0 3(QS),0 5(AT) 


7. Types of 




0 3(QS),0 5 (AT) 



Questions 

8. Cue 04(HS),0 5 (AT) 



Discrimination 

9. Hypothesizing 0 4 (HS), 0 5 (^^y) 



B. Cognitive 0] (CTFO) 

Development 
Level 



Teaching Variables 

1. Analysis of Og (TEACH) 
Classroom Teachers 

2. Lesson 0 2 (PLAN) 
Planning 

3. Teaching (TEACH) 



Performance 
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TABLE in 



ROTATED FACTOR LOADINGS OF ITEMS, BY PRINCIPAL 
FACTORS, FOR THE MICRO TEACHING SKILLS RATING 

SYSTEM 



Principal 
Factor 



%of 
Variance 
Accounted 
for 



1. Teaching for 
Student 
Understanding 



37 



2. Questioning 
Strategies 



10 



3. Matched Lesson 
Components 



4. Lesson Sequence 



Factor 
Loading 
on Each 
Item 



MSRS Instrument Items 
Description 



0.78 02 Planning matches student throught level 

0.50 03 Instruction matches student thought level 

0.63 06 Free from inaccuracy and trivial content 

0.76 20 Instruction went beyond planned activity 

0.76 22 Provided for student feedback 

0.59 33 Student entry level identified and used 

0.48 39 Discipline decisons delayed for information 

0.54 40 Discipline rules are taught 

0.82 13 Student questions encouraged 

0.76 14 Meaningful discussions, T-S, S-S 

0.62 15 Sequences of questions utilized 

0.52 16 Instruction involves student inquiry 

0.60 17 Instruction involves students 

0.78 19 Instruction generated student enthusiasm 

0.78 04 Objectives clear and related to evaluation 

0.60 08 All lessons components matched on plan 

0.82 12 Sufficient time given for question type 

0.64 18 Student activities match plan activities 

0.84 30 Evaluation type appiopriate 

0.67 31 Records of student progress appropriate 

0.72 01 Student thought level evident in plan 

0.49 05 Objectives relate to a variety of goal areas 

0.85 09 Lesson sequence related to models 

0.44 11 Type of question related to objective 

0.44 24 Students performed exploratory behaviors 

0.60 25 Students involved with peers and content 



5. Planned Lesson 
Implementation 



0.58 33 Student entry level identified and used 

0.84 34 Preparation before lesson appropriate 

0.64 35 Physical organization of room appropriate 

0.68 37 Instructions for management planned for 



TABLE ni (CONTINUED) 

6. Planned Lesson 4 
for Active Learning 

7. Lesson Clairty 4 

8. Evaluation 3 

74 



0.63 


10 


Convergent questions stressed thinking 






over recall 


0.78 


-36 


Sources outside of classroom used in 






planning 


0.48 


-38 


Creative use of instructional materials 


0.80 


-07 


Instructional activity clearly stated in plan 


0.45 


23 


Provided for individual differences 


0.43 


28 


Students interpret results finom activities 


0.46 


29 


Students use a variety of thinking skills 


0.65 


-32 


Variety of evaluation types used 



o 

ERIC 
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TABLE IV 

PRETREATMENT/ PRETEST RESULTS FOR BACKGROUND, LESSON 
PLAN WRITING AND LEVEL OF COGNITIVE FUNCTIONING 



Intervention Instruction Control Instruction 
Group Group 



Mean S.E. Mean S.E. 

Grade Point Average 2.84 0.10 2.92 0.12 

for all previous courses 

Student Rating of Quality 3.50 0.32 3.63 0.27 

of Physical Science 
Courses taken (5 maximum) 

Student rating of quality 3.58 0.39 4.05 0.34 

of Biological Science 
Courses taken (5 maximum) 

Average time spent by 2.50 0.31 2.75 0.30 

cooperating teacher 
on Classroom Science 
(hours/week) 

Ability level of students 2.90 0.32 2.95 0.33 

in assigned classroom 
(above average (1) to 
below average (5) 

Rating of lesion 2.72 0.22 2.75 0.16 

plan writing (PLAN) 
before treatment (maximum 
rating 5) 

Cognitive ftinctioning 8.32 0.73 8.82 1.02 

level given as total rating 
on Lawson Test of 
Formal Reasoning (CTFR) 



♦Analysis of variance significant at the P< .05 level 



TABLE V 

Research Question 1: SUMMARY DATA ON PERCEPTION AND 
REPORTING OF APPROPRIATE DATA DURING OBSERVATION OF A 
TEACHING EPISODE 



Group 

Treatment 1 Treatment 2 

Instrument Intervention Instruction Control Instruction 

Mean S.E. Mean S.E. 



Analysis of Teaching (AT^ 
Total details described 
Part Scores 



20.2* 1.72 13.3 1.52 



- teacher behavior 9.6* 1.20 4.5 0.93 

- student behaviors 5.0* 0.67 3.3 0.77 

- events and objects 5.6 1.06 5.5 1.20 



* Analysis of variance significant at the P< .05 level 



TABLE V! 



Research Question 2: SUMMARY DATA ON THE PERCEPTION AND PJEPORTING 
OF DATA RELATED TO DESCRIPTION OF VARIABLES IN TWO PROBLEM 
SITUATIONS 



Group 

Instrument Treatment 1 Treatment 2 

Intervention Instruction Control Instruction 
N = 20 N = 20 



Question Search (QS) 



Total Questions asked 11.6* 9.2 

A. Part scores - Question types 

1. Verification 4.8 4.6 

2. Hypothesizing 2.4* 0.9 

3. Correlation 0.4 0.8 

4. Syntheis 4.0* 2.9 

B. Part Scores - Data Sources 

1. Events 3.2 3.1 

2. Objects 1.0 0.9 

3. Conditions 6.6* 5.1 

4. Properties 0.8 0.2 



Analysis of Teaching (AT) 



Total questions asked 6.9* 5.1 

A. Part Scores - Question Types 

1. Verification 3.0 3.4 

2. Hypothesizing 1.2* 0.2 

3. Correlation 0.9 0.2 

4. Synthesis 1.8 1.3 

B. Part Scores - Data Sources 

1. Events 1.1 1.4 

2. Objects 2.3 2.5 

3. Conditions 2.7* 1.1 

4. Properties 0.8 0.1 



* Analysis of variance significant at the P< .05 level 



TABLE Vn 



Research O-jgstion 2; SUMMARY DATA ON HYPOTHESIS 
CONTRUCTION IN TWO PROBLEM SITUATIONS 



Group 

Instrument Treatment 1 Treatment 2 

Intervention Instmciton Control Instruction 
N = 20 N = 20 



Hypothesis Search (HS) 
Total Hypotheses 

Generated 4.3 



Hypothesis quality 3.8* 2.9 

Analysis of Teaching (AT) 

Total hypotheses 7.2 6.2 

Generated 

Hypothesis Quality 3.5* 2.1 

* Analysis of variance significant at the P< .05 level. 
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TABLE VIII 

RESEARCH QUESTION 3: SUMMARY DATA ON CLASSROOM 

TEACHING PERFORMANCE 



Group 



Treatment 1 Treatment 2 

Instrument Intervention Instruction Control Instruction 

Teaching a Classroom 
Lesson (TEACH) 

Average MSRS Rating 3.50* 3.15 
Parts 

a. Planning (15) 3.61* 3.09 

b. Teaching (25) 3.43 3.18 

Subparts 

1. Teaching for Student 3.69* 3. 19 
Understanding 

2. Questioning Strategies 3.74* 3.28 

3. Matched Lesson 3.08 2.71 
Components 

4. Lesson Sequence 3.02 2.82 

5. Planned Lesson 3.82* 3.25 
Implementation 

6. Planned Lesson for 3.70 3.68 
Active Learning 

7. Lesson Clarity 3.67 3.35 

8. Evaluation 3.47 3.53 
♦Analysis of variance significant at the P < .05 level 
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TABLE IX 

RESEARCH QUESTION 4: SUMMARY DATA ON COGNITIVE 
FUNCTIONING LEVEL AND TEACHING PERFORMANCE 



Cognitive Function Level 



Instrument 


Non-Formal 
(N=26) 


Formal 
(N=14) 


Teaching a Classroom 
Lesson (TEACH) 






Average MSRS Rating 


3.12(SE = .12) 


3.66* (SE=.14) 


Concrete (N=9) 
Transitional (N=17) 


2.89 (SE = .18) 
3.24(SE = .12) 




MSRS Sub Parts 






1. icacning lor oiuueni 
Understanding 






2. Questioning Strategies 


3.35 


3.81* 


3. Matched Lesson 
Components 


2.66 


3.34* 


4. Lesson Sequence 


2.68 


3.36* 


5. Planned Lesson 
Implementation 


3.32 


3.94* 


6. Planned Lesson 
for Active Learning 


3.63 


3.80 


7. Lesson Clarity 


3.44 


3.64 


8. Evaluation 


3.46 


3.57 


* Analysis of variance significant at the P_<_.05 level 
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TABLE X 



VARIATION IN TEACHING PERFORMANCE, MSRS RATING, 
WITH TREATMENT AND COGNITIVE LEVEL DIFFERENCES 



Cognitive Treatment 

Functioning Control Experimental 



Concrete 

Operational (2A, 2B) 2.73 3.03 
Transitional 

UB+) 2.98 3.60 
Formal 

Onerational (3A, 3B) 3.56 3.77 



Post hoc analysis using Tukey test. Significant at P <_.05 level. 
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Figure 1 



LEVEL OF COGNITIVE DEMAND AT WHICH SUCCESSFUL 
PERFORMANCE OF VARIOUS TEACHER ACTIVITIES 
DECREASES APPRECIABLY 
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Figure 2 

COGNITIVE FUNCTIONING LEVEL AND 
TEACHING PERFORMANCE 



Teaching 
Performance 



Average 

MSRS 

Rating 



4.25 - 

4.00 

3.75- 

3.50- 

3.25- 

3.00- 

2.75- 

2.50- 

2.25- 

2.00 



—I 

2A, 2B 

Concrete 

Operational 



\ 

2B+ 

Transitional 



\ ' 

3A, 3B 
Form".! 
Operational 



Cognitive F mctioning Level 



ERIC 



43 



Figure 3 



16 



COGNITIVE FUNCTIONING LEVEL AND 
RESULTING TREATMENT DIFFERENCES 
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